





THE	 USE	 OF	 UNIO	 TUMIDUS	






























to	 the	 same	 substance,	 we	 could	 recognize	 certain	 patterns	 of	 behavior	 to	 identify	 each	














Keywords Unio tumidus · mussel · biomonitoring · behavior 
	
	 	





El	 en	 present	 treball	 s’ha	 intentat	 obrir	 pas	 en	 el	 camp	del	 biomonitoreig.	 Es	 va	 registrar	 el	
comportament	 dels	musclos,	Unio	 tumidus,	 i	 la	 forma	en	què	 reaccionen	 segons	 el	 tipus	 de	
substàncies	 que	 es	 troben	 en	 l'aigua.	 L'objectiu	 final	 és	 la	 construcció	 d'un	 sistema	 d'alerta	
primerenca	 per	 reduir	 el	 temps	 de	 resposta	 humana	 contra	 una	 contaminació	 sobtada	 en	





comportar	de	manera	molt	 similar	davant	 la	mateixa	 substància,	d’aquesta	manera	podríem	
reconèixer	 certs	 patrons	 de	 comportament	 per	 a	 identificar	 cada	 substància.	 Una	 altra	
observació	 és,	 sempre	 que	 els	 musclos	 reaccionen	 lentament	 a	 qualsevol	 canvi	 en	 el	 medi	
ambient	 (és	 a	 dir,	 quan	 s'afegeix	 una	 substància),	 indica	 que	 els	 musclos	 estan	 tractant	









quan	 estan	 exposats	 a	 diferents	 substàncies	 (com	 s'analitza	 en	 el	 present	 estudi),	 així	 com	












El	 en	 presente	 trabajo	 se	 intent	 abrir	 paso	 en	 el	 campo	 del	 biomonitoreo.	 Se	 registró	 el	
comportamiento	de	los	mejillones,	Unio	tumidus,	y	la	forma	en	que	reaccionan	según	el	tipo	de	
sustancias	que	se	encuentran	en	el	agua.	El	objetivo	final	es	la	construcción	de	un	sistema	de	
alerta	 temprana	 para	 reducir	 el	 tiempo	 de	 respuesta	 humana	 contra	 una	 contaminación	
repentina	 en	 el	 agua.	 Un	 total	 de	 40	 mejillones	 fueron	 estudiados	 en	 el	 laboratorio	 del	
Departamento	de	Ecología	y	Protección	Ambiental	en	la	Universidad	de	Poznan	de	Ciencias	de	




ante	 la	 misma	 sustancia,	 de	 esta	 manera,	 podríamos	 reconocer	 ciertos	 patrones	 de	
comportamiento	 para	 identificar	 cada	 sustancia.	 Otra	 observación	 es,	 siempre	 que	 los	
mejillones	reaccionan	lentamente	a	cualquier	cambio	en	el	medio	ambiente	(es	decir,	cuando	
se	 añade	una	 sustancia),	 indica	que	 los	mejillones	están	 tratando	de	adaptarse	 a	 las	nuevas	
condiciones.	Por	otro	 lado,	si	 los	mejillones	reaccionan	rápido,	entonces	significa	que	no	hay	




aprecian	 algunas	 variaciones	 en	 el	 comportamiento	 que	 se	 atribuyeron	 a	 "personalidades	
individuales”:	hubo	individuos	que	se	comportaban	de	manera	diferente	a	lo	que	se	esperaba	o	
comúnmente	establecido,	que	podrían	estar	relacionados	con	un	estado	de	mala	salud,	la	edad,	
el	 tamaño	 y	 sexo.	 Se	 necesita	 más	 investigación	 para	 entender	 completamente	 el	
comportamiento	de	 los	mejillones	 cuando	están	expuestos	 a	diferentes	 sustancias	 (como	 se	
analiza	en	el	presente	estudio),	así	como	de	otras	sustancias	que	pueden	ser	perjudiciales	para	























































































uzdatniania	 wody);	 inlet	 water	 (	 odbiorcy	 wody);	 computer	 pc	 (komputer	 pc);	 controller	
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The	21st	 century	 represents	 an	era	 in	which	everything	 is	 being	digitized;	 as	 a	 consequence,	











1.1 The use of biological indicators in monitoring 
Nowadays,	 there	 are	many	 studies	 that	 examine	 different	 types	 of	 indicators	 to	 determine	
changes	in	water	quality	(Kramer	et	al.,	1989).		However,	an	increasing	importance	is	being	given	






























1.2 The impact of water pollutions on aquatic organisms 





supports	 and	 recommends	 a	 continuous	 monitoring	 of	 water	 quality	 to	 prevent	 ecological	
problems	that	could	affect	food	properties	and	human	health.		
The	 consequences	 of	 contaminated	 water	 can	 result	 in	 a	 damaged	 ecosystem;	 once	 the	

















pollution.	 	 Mussels	 have	 been	 widely	 adopted	 in	 chemical	 monitoring	 and	 surveillance	
programmes.	Their	ability	to	accumulate	toxicants	makes	them	suitable	for	the	characterization	
of	specific	ecosystems.	
	In	 the	 passive	 version	 of	 chemical	 biomonitoring,	 local	 pollutants	 are	 sampled	 for	 chemical	
analysis,	 whereas	 the	 active	 version	 involves	 the	 exposure	 of	 organisms	 trans-located	 from	








for	 an	 extended	 period	 of	 time.	 Fluctuations	 in	 shells	 openness	 may	 be	 connected	 to	 the	




Bivalves	meet	 the	 requirements	 to	 be	 selected	 as	 a	 suitable	monitoring	 organism.	 They	 are	








1.4 Mussels characteristics (morphological and physiological) which 











Figure 1. This simplified illustration shows the arrangement of the soft tissue body parts of a freshwater 















































2.2 Analysis of the response of mussels to the presence of nitrate, 















times	 a	 year	 (Joniak	 et	 al.	 2000).	 The	 Cybina	 river,	 whose	 catchment	 area	 is	 dominated	 by	
cultivated	fields,	flows	into	the	lake	and	supplies	it	with	nutrient-rich	water	with	a	prevalence	of	
nitrates	 and	 phosphates	 that	 stimulates	 the	 primary	 production	 of	 phytoplankton	 in	 the	
Maltański	 Reservoir	 (Kozak	 &	 Gołdyn,	 2004;	 Gołdyn	 &	 Szeląg-Wasielewska,	 2005).	 In	 this	
research,	 it	 has	 tested	mussels	with	 two	 different	 concentrations	 of	 nitrate	 and	 ammonium	
nitrate	to	see	how	it	affects	them.		
The	reservoir	is	located	near	the	city	center	where	there	are	heavy	traffic	roads	and	residential	
areas.	 The	 lake’s	 flow	 character	 has	 a	 strong	 impact	 on	 the	 water	 quality.	 Several	 studies	
corroborate,	after	analyzing	mussels’	soft	tissue,	that	it	has	high	concentration	of	heavy	metals.	
Rzymski	 (2013)	 said	 that	 metal	 concentration	 in	 bivalves	 generally	 followed	 the	 level	 of	
contamination	of	their	immediate	environment.	All	the	studied	metals	were	detected	in	the	soft	
tissues	of	three	bivalve	species,	among	them	U.	tumidus,	collected	from	the	Maltański	Reservoir.	














3.1 Description of the biomonitoring system 
A	short	and	simple	scheme	can	help	us	to	better	understand	the	purpose	of	this	study.	In	Figure	
3,	one	can	see	how	the	water	we	want	to	test	is	connected	to	a	water	treatment	plant	that	is	




Figure 3. Measuring device set-up. water intake (ujęcie wody); water treatment station (stacja uzdatniania 
wody); inlet water ( odbiorcy wody); computer pc (komputer pc); controller (sterownik); tank (zbiornik) 
Source: http://duszpasterstwo-wodkan-ochrsrod.pl/2012/07/18/robota-dla-mieczakow/  
	
















the	mussels	 that	were	already	set	up	with	a	magnet,	 support,	 sensor	and	a	granite	 stone	 to	
prevent	the	stand	from	moving.	Finally,	the	sensor	is	connected	to	a	data	processor	and,	after	
performing	a	calibration	process	that	will	be	later	explained,	we	set	up	the	computer	in	which	
the	opening/	 closing	movement	of	 the	 shells	of	eight	mussels	 in	 real	 time	will	 be	 registered	
(Figure	4).		
The	water	in	the	tank	is	static.	It	mixes	itself	through	a	water	impeller	located	on	one	side	(Figure	


















Figure 5. Pump impulsion. The substances are dosed by the pump that we installed in the system. This 










3.1.2 Preparing	 the	 mussels	 to	 research	 (quarantine	 period	 and	 its	
significance,	 the	 age	 of	 mussels,	 the	 number	 of	 individuals	 in	 the	
experiment)	
The	specimens	used	Unio	tumidus	were	collected	by	hand	in	Malta	lake	from	a	maximum	of	2	




the	experiment:	mussels	 are	able	 to	 fast	 for	 long	periods	of	 time	 (maximum	 three	months).	
Later,	mussels	were	put	in	quarantine	for	a	month,	allowing	us	to	reject	weak	individuals.		
	
Figure 6. Photography of the quarantine aquarium, there are free mussels and mussels stuck onto the socle 





It	was	used	a	 support	made	of	methacrylate	 that	will	 stick	 to	 the	mussel’s	 shell.	 It	has	been	
designed	specifically	for	this	experiment.	The	support’s	building	process	is	described	below:	
1) Once	the	support	 is	clean	and	wet,	we	applied	silicone	on	the	top	 left	corner,	so	the	
silicone	can	be	removed	easily;	this	must	be	done	every	time	you	start	a	new	test.	















Figure 7. Preparing the socle still wet with the silicon to steck the mussel. 
	
Figure 8. Visual explanation of the mussel placement above the support. The two images framed in red are 
misplacement and picture framed in green it is correctly oriented on the support. 
	









1) Each	mussel	has	 its	own	channel	 for	 the	 sensor:	 the	 software	has	a	 transition	mode	















Figure 9. Mussels already installed and ready for biomonitoring. 





































Figure 10. The taskbar of the main window of the system. 
	
3.1.4 System	errors	












itself	 is	 represented	with	 an	 aperture	 of	 0%	 (i.e.,	 when	 valves	 are	 fully	 closed)	 and	 a	 100%	
aperture	(i.e.,	fully	opened);	otherwise,	the	graph	will	not	provide	a	reliable	representation	of	
the	shells	behavior.	We	know	that	the	calibration	process	is	inaccurate	when	a	few	mollusc	are	
open	 just	 to	a	70%	or	 closed	 to	a	40%;	when	mussels	are	 resting,	 the	percentage	should	be	
between	0	to	10%	or	between	80-100%	when	they	are	active.	
	 	





Figure 11. Bad calibration. 
The	following	image	represents	a	good	calibration	(Figure	12).	One	can	observe	how	the	starting	
point	for	all	mussels	is	an	opening	of	0%	and	they	open	up	over	time.	In	this	case,	we	made	sure	




















Figure 14. Good water quality 
If	the	mussels’	environment	is	not	ideal,	in	the	end	one	will	not	know	if	their	behavior	is	due	to	











Figure 15. Bad water quality 




Figure 16. Bad water temperature 














1) The	 first	 thing	we	did	was	 filling	 the	 tank	with	 clean	 tap	water	 to	 60	 dm3.	We	 then	
prepared	the	mussels	and	their	support	device,	and	we	wait	for	one	day	until	the	glue	
dries	completely.		


















Day	1 Day	2 Day	6 Day	7













In	 addition,	 an	 interpretation	 was	 made	 on	 the	 activity	 of	 mussels	 under	 experimentation,	
dividing	their	behavior	in	3	states:	(1)	control:	normal	behavior	without	external	disturbances,	




Figure 17. This graphic shows the mussles’ behavior’s change collecting all datas of more than one day of 























added,	 until	 the	 mussels	 tries	 to	 adapt	 to	 the	 new	 environment,	 considerably	 reducing	 its	
activity	 (adaptation	 state).	 These	 values	were	not	 interesting	 for	 two	 reasons:	 (1)	 the	 set	 of	
values	of	reaction	time	(immediately	after	introducing	the	substance)	are	very	different	from	
set	of	values	obtained	from	the	time	of	adaptation.	Therefore,	one	cannot	perform	an	analysis	
























Figure 18. Control behavior of the eight mussles during 24 hours 
	
When	plotting	graphs	in	Figure	19	and	Figure	20	with	the	data	collected	from	the	mussels	with	
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Figure 19. Behavior of the mussels with 0,2 mg/l of Fe+3 during 24 hours. 
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Figure 21. Behavior of the mussels with 10 mg/l of NH4NO3 during three hours. 
	
 
Figure 22. Behavior of the mussels with 25 mg/l of NH4NO3 during three hours 
	
With	 regards	 to	 the	 behavior	 shown	 in	 the	 following	 chart	 (	
	
Figure	23),	we	can	see	that	mussels	follow	a	similar	behavior	among	them.	They	open	quickly	
and	 try	 to	 stay	open	 for	about	 two	hours,	but	at	 a	 certain	point	 they	 close	 suddenly.	When	
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Figure 23. Behavior of the mussels with 10 mg/l of NO-3(aq) during three hours 
	





Figure 24. Graphical representation of the average percentage of opening every 15 minutes from the eight 
mussels without any substance 
In	Figure	25,	with	0’2	mg/l	of	iron,	the	reaction	of	the	change	(indicate	with	red	broken	line)	in	
the	environment	 is	not	 too	notorious.	We	observe	 that	 the	 chart	drops	until	 a	15%	average	
intermittently.	 Therefore,	 they	 react	 slowly	with	 smooth	drops	 and	 spikes	 to	 changes	 in	 the	
environment.	
	
Figure 25. Graphical representation of the average percentage of opening every 15 minutes from the eight 
mussels with 0,2 mg/l of Fe 















Figure 26. Graphical representation of the average percentage of opening every 15 minutes from the eight 
mussels with 1 mg/l of Fe+3 
We	have	obtained	a	different	reaction	in	Figure	27,	we	added	10	mg/l	of	ammonium	nitrate.	In	
this	case,	we	can	clearly	observe	how	the	mussels	change	their	relaxed	behaviour	(open	shell)	
as	 they	will	be	 in	 their	natural	 condition,	 to	a	 stressed	behaviour	closing	 the	shell	quickly	 to	
protect	 themselves	 from	the	changes.	Once	 the	 reaction	 time	has	past,	we	can	see	how	the	
mussels	try	to	adapt	slowly	to	the	environment,	opening	the	shell	slowly	overtime,	it	is	highly	













Figure 27. Graphical representation of the average percentage of opening every 15 minutes from the eight 






Figure 28. Graphical representation of the average percentage of opening every 15 minutes from the eight 
mussels with 25 mg/l of NH4NO3 
	
The	 next	 figure,	 Figure	 29	 ,	 shows	 a	 fluctuation	 very	 similar	 to	 Figure	 25,	 with	 10	 mg/l	 of	











Figure 29. Graphical representation of the average percentage of opening every 15 minutes from the eight 
mussels with 10 mg/l of NO-3(aq) 
	
4.3 Analysis of the variation in response of individual mussels 










Figure 30. Representation in bars percentage of time spent in each position along with the standard 
















































































































































































































































Figure 31. Representation in bars percentage of time spent in each position along with the standard 
deviation of the eight mussels with 0,2 mg/l of Fe+3. 
 
Figure 32. Representation in bars percentage of time spent in each position along with the standard 




















a	 low	 standard	 deviation	means	 that	 had	 a	weak	 state	 of	 health	 as	well.	 The	 three	 are	 not	
representative	for	the	whole	mussels’	data	sample.	






Figure 33. Representation in bars percentage of time spent in each position along with the standard 
deviation of the eight mussels with 10 mg/l of NH4NO3 
	
	
Figure 34. Representation in bars percentage of time spent in each position along with the standard 
deviation of the eight mussels with 25 mg/l of NH4NO3 
	
As	shown	in	the	following	histogram	(Figure	35),	most	mussels	are	closed,	so	the	muscle	that	




makes	 shells	 close	 is	 still	 alive,	 but	with	 a	 very	 high	 standard	 deviation	 (i.e.,	 have	 dramatic	




Figure 35. Representation in bars percentage of time spent in each position along with the standard 






































2014).	 This	 is	 in	 general	 agreement	 with	 observations	 from	 other	 investigations	 on	 metal	
bioaccumulation	 involving	unionids.	As	a	result,	 it	can	say	that	mussels	are	more	resistant	to	
iron	than	to	NH4NO3	and	NO-3(aq).	
Furthermore,	 we	 observed	 some	 variations	 in	 behavior	 that	 were	 attributed	 to	 ‘individual	
personalities’:	 there	 were	 individuals	 that	 behaved	 differently	 to	 what	 was	 expected	 or	
commonly	established.	This	reaction	was	related	to	a	state	of	poor	health	and	age,	and	also,	to	






reaction	 to	 the	 same	 substance	 and	 we	 can	 create	 patterns	 of	 behavior	 to	 identify	 each	
substance.		
	 	









We	 have	 observed	 that	 at	 low	 polluted	 concentrations,	 organisms	 can	 show	
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Table 2. Descriptive statistic of control’ behavior of the eight mussels 
	
Table 3. Descriptive statistic of the mussels’ behavior with 0,2 mg l-1 Fe+3 in the water 
	
	  
Mollusc	1 Mollusc	2 Mollusc	3 Mollusc	4 Mollusc	5 Mollusc	6 Mollusc	7 Mollusc	8
Mean 46,3 31,7 53,3 88,1 61,9 84,6 77,6 71,3
St	Error 0,1 0,1 0,1 0,0 0,2 0,1 0,1 0,1
Median 25 0 71 91 89 92 93 80
Mode 21 0 0 94 0 92 94 86
St	Deviation 29,1 33,0 33,0 10,1 43,5 20,5 34,5 26,6
Sample	Variance 848,2 1091,9 1086,8 102,2 1894,8 420,8 1192,8 710,0
Kurtosis -1,7 -1,9 -1,0 18,8 -1,5 11,3 1,2 3,1
Skeweness 0,5 0,1 -1,0 -4,0 -0,7 -3,5 -1,8 -2,2
Range 76 84 84 67 100 95 100 89
Minimum 20 0 0 29 0 0 0 0
Maximum 96 84 84 96 100 95 100 89
Sum 3543795 2427387 4075466 6736237 4732763 6471330 5932333 5451144
Count 76460 76460 76460 76460 76460 76460 76460 76460
Aperture	(from	80	to	100%) 32,5 1,3 7,0 90,8 64,9 85,3 82,8 54,6
Middle	(from	11	to	79%) 67,5 47,6 65,8 9,2 2,4 9,9 0,8 33,6
Closed	(from	0	to	10%) 0,0 51,1 27,2 0,0 32,7 4,9 16,4 11,8
Mollusc	1 Mollusc	2 Mollusc	3 Mollusc	4 Mollusc	5 Mollusc	6 Mollusc	7 Mollusc	8
Mean 93,2 41,9 0,0 33,8 8,4 27,9 15,0 46,2
St	Error 0,0 0,1 0,0 0,1 0,1 0,1 0,1 0,1
Median 95 67 0 5 0 0 0 68
Mode 95 0 0 0 0 0 0 0
St	Deviation 3,9 34,6 0,0 40,0 25,6 40,6 32,7 36,7
Sample	Variance 15,1 1198,6 0,0 1600,5 655,6 1646,7 1070,0 1344,7
Kurtosis 4,0 -1,8 0,0 -1,7 6,2 -1,4 1,2 -1,7
Skeweness -2,2 -0,4 0,0 0,5 2,9 0,8 1,8 -0,4
Range 24 78 0 94 100 93 100 89
Minimum 72 0 0 0 0 0 0 0
Maximum 96 78 0 94 100 93 100 89
Sum 7149223 3211307 0 2591257 644504 2139284 1148021 3545786
Count 76721 76721 76721 76721 76721 76721 76721 76721
Aperture	(from	80	to	100%) 99,4 0,0 0,0 33,8 8,8 30,1 13,4 19,1
Middle	(from	11	to	79%) 0,6 59,6 0,0 5,8 0,5 2,3 4,3 43,2
Closed	(from	0	to	10%) 0,0 40,4 100,0 60,3 90,7 67,6 82,3 37,7




Table 4. Descriptive statistic of the mussels’ behavior with 1 mg l-1 Fe+3 in the water 
	
Table 5. Descriptive statistic of the mussels’ behavior with 10 mg l-1 NH4NO3 in the water 
	
	  
Mollusc	1 Mollusc	2 Mollusc	3 Mollusc	4 Mollusc	5 Mollusc	6 Mollusc	7 Mollusc	8
Mean 41,3 50,3 24,0 28,7 33,0 90,0 71,9 76,1
St	Error 0,1 0,1 0,1 0,1 0,2 0,0 0,1 0,1
Median 19 73 0 4 0 91 94 82
Mode 16 0 0 0 0 92 0 85
St	Deviation 32,8 36,4 34,8 39,9 44,8 3,9 39,1 20,6
Sample	Variance 1078,0 1322,2 1208,9 1596,0 2004,6 14,9 1528,4 424,4
Kurtosis -1,6 -1,6 -1,4 -1,2 -1,6 9,7 -0,4 8,8
Skeweness 0,6 -0,6 0,8 0,9 0,6 -2,3 -1,3 -3,2
Range 83 84 87 96 100 64 100 89
Minimum 12 0 0 0 0 31 0 0
Maximum 95 84 87 96 100 95 100 89
Sum 3165271 3856969 1842448 2195399 2531733 6897729 5508196 5832037
Count 76620 76620 76620 76620 76620 76620 76620 76620
Aperture	(from	80	to	100%) 35,3 20,3 4,9 28,6 34,4 97,8 74,6 68,8
Middle	(from	11	to	79%) 64,7 45,7 27,8 7,8 1,0 2,2 3,1 25,0
Closed	(from	0	to	10%) 0,0 34,0 67,3 63,5 64,6 0,0 22,3 6,3
Mollusc	1 Mollusc	2 Mollusc	3 Mollusc	4 Mollusc	5 Mollusc	6 Mollusc	7 Mollusc	8
Mean 16,4 22,0 7,2 28,0 43,3 12,1 21,6 50,9
St	Error 0,3 0,3 0,0 0,1 0,3 0,2 0,3 0,0
Median 0 0 7 28 48 4 3 51
Mode 0 0 7 27 0 4 3 51
St	Deviation 24,9 32,1 0,6 8,9 31,5 18,8 25,6 0,5
Sample	Variance 620,6 1030,5 0,3 80,0 989,3 352,4 655,7 0,3
Kurtosis 1,9 -0,8 -0,1 2,4 -1,5 5,2 0,0 1,5
Skeweness 1,6 1,0 0,1 -1,4 -0,1 2,3 1,1 0,0
Range 100 93 2 46 96 91 96 4
Minimum 0 0 6 3 0 0 0 50
Maximum 100 93 8 49 96 91 96 54
Sum 157358 210406 68637 267651 414656 115802 207116 487438
Count 9571 9571 9570 9571 9571 9571 9571 9571
Aperture	(from	80	to	100%) 5,3 7,2 0,0 0,0 14,0 2,1 3,7 0,0
Middle	(from	11	to	79%) 34,3 27,6 0,0 90,2 62,5 26,9 42,7 100,0
Closed	(from	0	to	10%) 60,4 65,2 100,0 9,8 23,4 70,9 53,6 0,0






Table 6. Descriptive statistic of the mussels’ behavior with 25 mg l-1 NH4NO3 in the water 
	
Table 7. Descriptive statistic of the mussels’ behavior with 10 mg l-1 NO-3(aq)  in the water 
	
Mollusc	1 Mollusc	2 Mollusc	3 Mollusc	4 Mollusc	5 Mollusc	6 Mollusc	7
Mean 45,1 51,2 68,8 56,3 54,0 55,6 47,2
St	Error 0,0 0,2 0,1 0,1 0,0 0,1 0,3
Median 45 48 72 56 54 54 41
Mode 45 34 60 47 54 44 12
St	Deviation 0,5 16,7 7,6 13,0 0,9 11,5 31,1
Sample	Variance 0,3 279,2 57,8 168,8 0,8 133,1 968,4
Kurtosis 0,6 -1,4 -1,6 -0,8 -0,8 -1,0 -1,5
Skeweness 0,2 0,1 -0,2 0,0 -0,4 0,5 0,3
Range 2 61 22 64 3 44 86
Minimum 44 18 59 23 52 41 11
Maximum 46 79 81 87 55 85 97
Sum 431683 489574 658961 538417 517113 532274 451733
Count 9571 9571 9571 9571 9571 9571 9571
Aperture	(from	80	to	100%) 0,0 0,0 1,8 3,2 0,0 1,6 24,7
Middle	(from	11	to	79%) 100,0 100,0 98,2 96,8 100,0 98,4 75,3
Closed	(from	0	to	10%) 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Mollusc	1 Mollusc	2 Mollusc	3 Mollusc	4 Mollusc	5 Mollusc	6 Mollusc	7 Mollusc	8
Mean 39,9 9,3 16,3 18,1 23,2 40,0 43,4 25,2
St	Error 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
Median 44 0 0 0 1 47 51 0
Mode 0 0 0 0 0 0 0 0
St	Deviation 35,6 20,9 26,4 29,3 34,0 35,2 34,3 37,3
Sample	Variance 1267,9 435,7 694,4 858,3 1157,5 1241,2 1179,2 1394,0
Kurtosis -1,7 2,9 0,0 -0,3 -0,8 -1,4 -1,6 -1,1
Skeweness 0,1 2,1 1,3 1,2 1,0 0,1 0,0 0,9
Range 94 92 88 89 95 100 98 98
Minimum 0 0 0 0 0 0 0 0
Maximum 94 92 88 89 95 100 98 98
Sum 2854050 662948 1168779 1298847 1662537 2860970 3111109 1805561
Count 71610 71610 71610 71610 71610 71610 71610 71610
Aperture	(from	80	to	100%) 17,4 0,4 2,7 2,8 13,7 17,5 20,1 16,8
Middle	(from	11	to	79%) 43,9 17,7 28,7 28,1 19,6 44,6 55,5 15,6
Closed	(from	0	to	10%) 38,6 81,9 68,6 69,1 66,6 37,9 24,4 67,6
